Acute pancreatitis (AP) is a severe inflammation of the pancreas presented with sudden onset and severe abdominal pain with a high morbidity and mortality rate, if accompanied by severe local and systemic complications. Numerous studies have been published about the pathogenesis of AP; however, the precise mechanism behind this pathology remains unclear. Extensive research conducted over the last decades has demonstrated that the first 24 h after symptom onset are critical for the identification of patients who are at risk of developing complications or death. The identification of these subgroups of patients is crucial in order to start an aggressive approach to prevent mortality. In this sense and to avoid unnecessary overtreatment, thereby reducing the financial implications, the proper identification of mild disease is also important and necessary. A large number of multifactorial scoring systems and biochemical markers are described to predict the severity. Despite recent progress in understanding the pathophysiology of AP, more research is needed to enable a faster and more accurate prediction of severe AP. This review provides an overview of the available multifactorial scoring systems and biochemical markers for predicting severe AP with a special focus on their advantages and limitations.
Introduction
Acute pancreatitis (AP) is a severe inflammation of the pancreas presented with sudden onset and severe abdominal pain with a high morbidity and mortality rate, if accompanied by severe local and systemic complications. It is the most common gastrointestinal cause of hospitalization [1] , associated with high financial burdens [2] . Several studies have shown that the incidence of AP is increasing [3, 4] , probably as a result of a combination of risk factors, such as obesity and gallstone are at an increased risk of death, with a mortality rate of 36% to 50% [2, 6, 7] . Although its etiology is complex and not known for certain, the two most common causes are gallstones and alcohol [3, 8] . Numerous studies have been published about the pathogenesis of AP; however, the precise mechanism behind this pathology remains unclear [9] . Even with the proposal of several mechanisms about the pathophysiological process of AP, none are totally enlightening [10] . Some of the hypotheses include acinar and ductal premature activation of trypsin, leukocyte attraction and activation, recruitment of cytokines, adhesion molecules, and oxygen free radicals, which lead to mitochondrial dysfunction and microcirculatory injury [9, [11] [12] [13] . Initial AP events take place in the acinar cells [14] . Acinar cells can act as inflammatory cells as they respond, synthesize, and release cytokines, chemokines, and adhesion molecules [15] . Most research related to the pathophysiology of acute pancreatitis has been directed to acinar cells [16] . However, there is recent evidence that not only the acinar but ductal cell is also involved in the initial events of pancreatic damage and in the development of the inflammatory process [17] . The main function of the pancreatic duct is the bicarbonate and fluid secretion, which can be influenced by alcohol, fatty acids, and bile acids [16, 18, 19] . The changes in either fluid or bicarbonate secretion are related to changes in cystic fibrosis transmembrane conductance regulator (CFTR) function and expression [17] . It is also important to note that acinar-ductal cell interaction is crucial to the entire process of acute pancreatitis [20] . An excessive inflammatory response is the common aspect of these mechanisms. These can only explain certain aspects of pathogenesis or specific characteristics related to its etiology. The major obstacles in the study of pathogenesis of AP is its rapid course and relative inaccessibility of pancreatic tissue. To overcome this problem, researchers have now taken to animal models to study the molecular aspects of the pathogenesis of AP [2] . Further complicating the issue are the different results obtained from different animals and models exposed to a similar etiology. The premature activation of trypsin is the most consensual theory as the main mechanism in the initiation of the autodigestion of the pancreatic tissue and subsequently on local and systemic inflammatory processes. AP progression is constituted by three phases: Local inflammation, generalized inflammatory response, and multiorgan dysfunction. Figure 1 is an illustration of the schematic overview of AP's pathogenesis.
Figure 1.
A schematic overview of acute pancreatitis's pathogenesis. The premature activation of trypsin caused by acinar and ductal cell injury. Attraction and activation of leukocyte, macrophages, lymphocytes, and endothelium causes the release of cytokines, adhesion molecules, and oxygen free radicals. They are responsible for capillary leakage, gut ischemia, and bacterial translocation and alveolar damage. Systemic Inflammatory Response Syndrome (SIRS) is a result of all these events, which may advance to multiorgan disfunction, as well as infection of pancreatic necrosis and sepsis. CFTR: Cystic Fibrosis Transmembrane Conductance Regulator; PMN: polymorphonuclear; SIRS: Systemic Inflammatory Response Syndrome; MODS: Multiple Organ Dysfunction Syndrome [6, 10, [16] [17] [18] [19] [20] [21] [22] [23] .
Extensive studies conducted over the last decades have demonstrated that the first 24 h after symptom onset are critical for the identification of which patients are at risk of developing complications or death [24, 25] .
The term biomarker has been defined by the National Institutes of Health as "a characteristic that is objectively measured and evaluated as an indicator of normal biological processes, pathogenic processes, or pharmacological responses to a therapeutic intervention" [26] . The principal roles of biomarkers are diagnosis, prognosis, and individualization of therapy. Early assessment of severity in AP becomes crucial, especially on the day of admission, as this period is considered a window of opportunity for defining interventions to prevent pancreatic necrosis and organ failure. Nevertheless, none of the current clinical scoring systems or biochemical markers play a definitive role, have widespread applicable value, or are consistently accurate [24, 27, 28] . Therefore, early identification of the development of severe AP remains a great challenge.
According to the 2012 revision of the Atlanta classification, AP develops in two phases [6] . In the early phase, which is usually over by the end of the first week, systemic disturbances are secondary to local pancreatic inflammation. As the disease progresses, generalized inflammation occurs, defined as systemic inflammatory response syndrome (SIRS). If SIRS is persistent, there is an increased risk of organ failure and local complications. The definition of the duration of organ failure is important. If it resolves within 48 h, it is called of "transient organ failure"; if it persists for more than 48 h, it is called "persistent organ failure". When organ failure affects more than one organ it is called multiple organ failure (MOF) or multiple organ dysfunction syndrome (MODS) [6] . The late phase is characterized by the persistence of systemic signs of inflammation or by local complications. At this stage, the immune system is downregulated, making the (peri) pancreatic tissue more susceptible to infection from intestinal bacterial translocation. The resulting sepsis and multiorgan failure are subsequently the major causes of late morbidity and mortality.
In 65% to 85% of cases, AP is self-limited, not requiring specific treatment other than parenteral intravenous fluid, analgesics, and supportive care [25] . The remaining may suffer from severe attacks, with a high morbidity and mortality. This subgroup of patients need to be identified early in the course of the disease and need to be aggressively treated to prevent mortality [25] . In this sense and in order to avoid unnecessary overtreatment, thereby reducing the financial implications, proper identification of the mild disease is also important and necessary.
Severity assessment in this condition was first started in 1974 by Ranson et al. [29] . Since then other multifactorial scoring systems applying common clinical and biochemical parameters, have been defined to predict the severity. Despite recent progress in understanding the pathophysiology of AP, more research is needed to enable a faster and more accurate prediction of severe AP.
In this review, an overview of the multifactorial scoring systems and biochemical markers for predicting severe AP will be discussed, with a special focus on their advantages and limitations.
Clinical Assessment
Clinical assessment is an evaluation of a patient's physical condition and prognosis based on information gathered from their physical condition and the patient's medical history. The differentiation between mild and severe AP based on clinical assessment has been evaluated in several studies [30] [31] [32] . Wilson et al. [30] evaluated each patient on admission, at 24 and 48 h after admission, and classified AP as mild, moderate, and severe based on the presence or absence of shock and respiratory distress; the adequacy of the peripheral perfusion and urine output; fever; body wall staining; and the degree of abdominal tenderness, distension, and ileus. They verified that the sensibility, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy were, on admission, 34%, 98%, 87%, 83%, and 83%, respectively, and at 24 and 48 h after admission, 47%, 100%, 100%, 86%, and 87%, respectively, in both. They concluded that on admission, the clinical assessment was much less sensitive. Previous studies suggested that at 48 h after admission, clinical assessment was a good tool for predicting the severity of AP [32] . Pagliari et al. [33] in a recent review, highlighted the importance of clinical evaluation not only in diagnosis but also in clinical course.
Multifactorial Scoring Systems

Ranson Score
The Ranson score was published in 1974 as the first specific multifactorial scoring system for AP [34] . It was primarily designed for patients with acute alcoholic pancreatitis, consisting of 11 parameters identified as significant prognostic factors: Five parameters measured at admission and six during the next 48 h. Ranson et al. [35] in 1979 modified the original score, adapting it for patients with acute biliary pancreatitis. Mortality increases with an increasing score. A score between 1 to 3 criteria represents mild AP; the mortality rate rises significantly with four or more criteria, being 100% in those with six or more [34] . Hagjer et al. [36] evaluated the Ranson score as a predictive tool for AP severity, organ failure, necrosis, and mortality, describing an area under the receiver-operating curve (AUC) of 0.810, 0.839, 0.556, and 0.803, respectively. The disadvantages of the Ranson score is that it requires 48 h to be completed, uses parameters that are not usually evaluated in clinical practice, and is missing a potentially valuable early therapeutic window.
Glasgow Score
Imrie et al. [37] proposed a modification of the Ranson scoring system, where they excluded hematocrit, base deficit, and fluid sequestration, and added albumin and changed the cut-off points. This score was later simplified [38, 39] . The Glasgow score is a good prognostic tool for mortality, regardless of the etiology [30] . Buxbaum et al. [40] showed an AUC for the Glasgow score to predict an AP severity of 0.73. In turn, Kiat et al. [41] verified an AUC for a severity of 0.784. The main disadvantage of this score is similar to Ranson's score, requiring 48 h for a final calculation punctuation.
Acute Physiology and Chronic Health Evaluation II Score
The APACHE score was originally designed to assess the severity of patients with acute illness admitted to intensive care units (ICUs) in the 1970s. In the 1980s, Wagner et al. [42] described a simplification of the APACHE score, since it was the most widely used scoring system for severity assessment, designating it as APACHE-II. The APACHE-II has been used as a reference standard in several studies to evaluate new prognostic scoring systems or to identify individual risk factors for severe outcomes [42] . This score, although widely used in different types of studies is not specific to AP. Wu et al. [43] verified that only 2.2% of included patients with AP had complete data for the APACHE-II classification. Despite this complexity, the APACHE-II score requires 14 parameters. Using the worst data during the initial 24 h after admission, several studies have shown a correlation between a higher APACHE-II score at admission to into the first 72 h, with a higher mortality rate (<4% with an APACHE-II score <8 and 11% to 18% with an APACHE-II score ≥8) [44] [45] [46] . When the severity of AP is assessed, this score is powerless in distinguishing between interstitial and necrotizing AP, which is associated with a different prognosis [47] . Chatzicostas et al. [48] verified that the APACHE-II score generated within the first 24 h had a PPV of only 43% and NPV of 86% for severe AP. It can be used to assess the severity of the patient on a day-to-day basis. Papachristou et al. [49] , recognizing obesity as a risk factor for complications of AP, proposed APACHE-O, an improvement on the APACHE-II accuracy. However, they concluded that APACHE-O did not improve the accuracy of APACHE-II (AUC 0.895 for APACHE-O and 0.893 for APACHE-II). Harshit et al. [50] compared APACHE-II with other scores in predicting the severity of AP and concluded that this score was an effective prognostic scoring system able to predict the severity of AP. The disadvantage of APACHE-II is the need for 24 h for the final determination of AP severity and it is complex and difficult to use in clinical practice.
Bedside Index of Severity in Acute Pancreatitis Score
The Bedside Index for Severity in Acute Pancreatitis (BISAP) was developed in 2008 by Wu et al. [43] . They described it as an easy score that is calculated from data available in the first 24 h after admission [51] . This feature is extremely significant given that the first 24 to 48 h are the most crucial and decisive time window in the management of AP. The performance of the BISAP score in predicting severe AP has been corroborated by numerous studies [43] [44] [45] [52] [53] [54] . The BISAP score was aimed for use during the first 24 h of admission to hospital and includes five parameters [43, 55] . This score was derived using data from a population of 17,992 patients and validated on a population of 18,256 patients in the USA and could predict in-hospital mortality from AP with an AUC of 0.83 (95% CI:0.8-0.85) [56] . The BISAP score registered an identical efficiency for predicting outcomes as the APACHE-II, but it was easier to determine than the APACHE-II score [53, 57] . Khanna et al. [58] showed a sensitivity, specificity, PPV, and NVP for severity of AP of 74.2%, 68.3%, 63.4%, and 77.8%, respectively. In their turn, Hagjer et al. [36] for severity, organ failure, and death associated with AP found an AUC to BISAP score of 0.875, 0.906, and 0.740, respectively. They concluded that BISAP predicts severity, organ failure, and death in AP very well. It is as good as APACHE-II but better than the Ranson criteria, contrast tomography severity index (CTSI), c-reactive protein (CRP), hematocrit, and body mass index (BMI). Although easy to perform, its utility in a clinical setting does not appear appealing.
Systemic Inflammatory Response Syndrome
The SIRS score is simple and widely used in the clinical setting. According to Banks et al. [6] , during the early phase of AP, local pancreatic injury will provoke systemic disturbances. It is in this phase that cytokine cascades are activated by this local inflammation, which clinically manifest as SIRS. If SIRS (≥2) persists for more than 48 h after admission, there is an increased risk of developing multiorgan dysfunction, determined by the modified Marshall scoring (MMS) system [6] . Although several studies have shown that the SIRS score can predict the severity of AP [59, 60] , Li et al. [61] showed that SIRS had a medium performance with the lowest AUC when compared with the APACHE-II, Ranson score, BISAP, sequential organ failure assessment (SOFA), and MMS, in predicting severe AP, pancreatic necrosis, and infected pancreatic necrosis (IPN). They concluded that the SIRS score is not a priority in predicting severe AP, pancreatic necrosis, and IPN.
Pancreatitis Activity Scoring System
An international panel of experts developed the acute Pancreatitis Activity Score System (PASS) to measure the disease activity in patients with AP [62] . In this score, five parameters were included: Organ failure, SIRS, abdominal pain, requirement for opiates, and ability to tolerate oral intake. Buxbaum et al. [40] studied the correlation between the PASS score and the severity of AP, finding an AUC of 0.71. They concluded that the PASS score performance was compared to established systems used to predict severe AP. Ke et al. [63] showed that the admission PASS score was strongly associated with IPN, with an AUC of 0.813, which is was to the APACHE-II score of 0.791, BUN of 0.740, and CRP of 0.619.
Imaging Scoring Systems and Techniques
Contrast-Enhanced Computed Tomography
Due to its availability and imaging characteristics, contrast-enhanced computed tomography (CECT) is an imaging modality widely used for the diagnosis, assessment of severity, and morphological classification of AP [25] . It is well known that CECT imaging helps in the delineation of pancreatic and/or peripancreatic necrosis, inflammatory changes, and the characterization of the morphology of fluid collections, making it an excellent tool for the therapeutic decision and approach and monitoring of treatment response [64] . Despite all these features, the majority of the patients do not require computed tomography (CT) for the diagnosis of AP, and the CECT is not indicated in patients who are clinically stable and with clinical improvement [6, 25] . CECT also fails to predict the formation of necrosis when performed very early after the beginning of symptoms. The ideal time for performing this imaging technique is at least after 72 h after\onset [57, 64] . The sensitivity and specificity of perfusion CT for predicting necrotizing pancreatitis was given as 87.5% and 100%, respectively [65] . These data suggest that perfusion CT might be an alternative measure to the clinical scores and CECT for risk stratification in severe AP. The severity of AP was assessed using several CT scoring systems. The first score was described by Balthazar et al. [66] . By using early CT signs of AP, they were able to develop a gradient system to predict the severity based on the overall evaluation of the size, contour, and density of (peri)pancreatic abnormalities. In 1990, Balthazar et al. [67] validated the CTSI by combining their original score system with the presence and extension of pancreatic necrosis. Although having better prognostic accuracy than the original score, several limitations were described associated with CTSI, which led to the proposal by Mortelé et al. [68] of a new score, the modified CT scoring system (mCTSI). This score proved to have better accuracy for infection, organ failure, the need for surgical or percutaneous intervention, the length of hospital stays, and death. Raghuwanshi et al. [69] verified that mCTSI was more accurate, easier to calculate, and reduced inter-observer variation compared to CTSI. Avanesov et al. [70] concluded that mCTSI was more accurate in predicting short-term mortality and CTSI for predicting the need of intervention. Despite all the improvements to the first score, CT scanning did not predict the severity of AP better than conventional systems and it is not recommended on admission purely for severity assessment [71, 72] .
Transabdominal Ultrasonography
Conventional transabdominal ultrasound (US) plays only a limited role in the staging of AP, since the detection of pancreatic necrosis is difficult because this exam cannot assess organ perfusion [73] . Through the use of contrast enhancers, it can provide characterization of pancreatic vascularization behavior and can differentiate between areas of inflammation (hypervascularized) and areas of necrosis (hypovascularized or non-vascularized) [74, 75] . Golea et al. [74] concluded that contrast-enhanced ultrasound (CEUS) is usefulness in the quantification of the necrosis area in AP. Cai et al. [76] conducted a study to evaluate the accuracy of conventional US and CEUS in patients with AP, concluding that CEUS is a reliable method for the diagnosis and prognosis of AP, and it may serve as a substitute for CECT. Skouras et al. [77] , by studying the characteristics of lung ultrasonography and its role in the diagnosis of respiratory dysfunction, proposed that this exam may be an adjuvant in the assessment of the severity of pancreatitis.
Endoscopic Ultrasonography
Endoscopic ultrasonography (EUS) allows for the visualization of the whole pancreas with details of the parenchymal structure and peripancreatic changes due to its high resolution images [78, 79] . EUS can also determine the etiology of idiopathic AP [80] , the presence of microlithiasis, occult pancreatic malignancies, morphologic changes as pancreas divisium, and evaluate chronic pancreatitis. The close proximity of the endoscopic ultrasound probe to the pancreas results in high spatial resolution that is superior to that of CT and magnetic resonance imaging (MRI) [78] . Sotoudehmanesh et al. [78] concluded that peripancreatic edema in EUS may be a new imaging criterion for the early prediction of the severity of AP (sensitivity, specificity, and accuracy: 65.8%, 75.5%, and 72.2%, respectively). They verified that the cutoff day for the detection of severe AP is the second day of admission, which is very important for the decision of therapeutic modality. Khanna et al. [58] studied the presence of pancreatic and extrapancreatic necrosis and concluded that patients with acute necrotizing pancreatitis have multiple hypoechoic or hyperechoic areas in the pancreas that were not present in patients with mild AP.
Metabolic Factors
Metabolic Syndrome
Metabolic syndrome includes hyperglycemia, dyslipidemia, hypertension, and obesity [81] . There has been an increase in its incidence due to lifestyle habits [82] . Few studies related metabolic syndrome with acute pancreatitis and their results are varied. However, a high prevalence of metabolic syndrome has been found in patients with AP and some studies associate this syndrome to severe forms of AP [82] [83] [84] . Mikolasevic et al. [82] showed that patients with metabolic syndrome had a significantly higher incidence of moderately severe and severe AP in comparison to those without metabolic syndrome. They found that the number of metabolic syndrome components is in relation to the severity of AP. The authors also verified that patients with metabolic syndrome presented with more local and systemic complications.
Increased Body Mass Index
Lankisch et al. [85] studied the role of obesity as a negative prognostic factor of AP. They concluded that increased body weight was associated with increased incidence of early extrapancreatic complications. Several studies have been done between obesity and AP, and they have considered obesity as an independent risk factor for severe AP [86] . Krishna et al. [87] concluded, in their study, that morbid obesity is a negative factor for inpatient hospitalization and it is associated with the mortality, organ failure, and high costs. Dobszain et al. [88] , in a meta-analysis, demonstrated that a BMI > 25 increases the risk of severe AP, but not mortality, while a BMI > 30 raises the risk of both severity and mortality of AP. Obesity is a known risk factor for gallstone generation, associated with a high risk for gallstone-related complications and AP complications [89] . Martinez et al. [90] showed a significantly higher rate of severe AP, with an OR of 2.9 (95%CI 1.8-4.6) systemic 2.3 (95% CI 1.4-3.8) and local complications 3.9 (95% CI 2.4-6.6) in obese compared to non-obese patients with AP. Obesity is also related to a poor prognosis of AP, due to the relative increase in the proportion of intrapancreatic fat and the release of high levels of circulating proinflammatory cytokines and adipokines [49, 91] .
Hyperlipidemia
Hyperlipidemia is the third most common cause of AP [81, 92] . Few studies have investigated the relationship between hypertriglyceridemia and the severity of biliary pancreatitis. Valdivielso et al. [92] found that the presence of hypertriglyceridemia was related with severe AP. Zeng et al. [93] verified that hypertriglyceridemia was associated with local and systemic complications. Szentesi et al. [84] verified that hypertriglyceridemia elevated the risk of severe AP.
Hypertension
There are very few studies addressing the relationship between hypertension and AP severity. Szentesi et al. [84] showed that hypertension was independently associated with the severity of AP by increasing the risk of renal failure and prolonged hospitalization, although the underlying mechanism is not known.
Fatty Liver
Fatty liver is commonly associated with pancreaticobiliary diseases, including acute pancreatitis [94] . The incidence of fatty liver as a metabolic condition is increasing considerably. There have been several studies on the association between fatty liver and AP, namely with the severity of AP [81] . Yoon et al. [95] , in their study investigating the relationship between fatty liver and the severity of AP, verified that fatty liver may play a prognostic role in this disease and could be incorporated into future predictive scoring models.
Diabetes Mellitus
Some studies have investigated the presence of diabetes mellitus and the severity of AP [81] . However, the results of these studies are contradictory, as some relate the presence of DM to the severity and mortality of PA patients [96, 97] while others report that there are no differences between severity and mortality in patients with and without DM [84, 98, 99 ].
Genetic Predisposition
The major challenge of AP is to assess the course of the disease and identify which patients develop mild AP and which patients may have severe AP. This variation in outcome may be related to the genetic polymorphic propensity to produce proinflammatory cytokines [100] . D'Oliveira Martins et al. [101] conducted a study to evaluate the potential modulating role of 15 gene polymorphisms in 10 genes involved in oxidative stress and the apoptotic pathway. This study provided an insight into the potential role of genes polymorphisms in GSTM1, GSTT1, GSTP1, CASP7, CASP8, CASP9, CASP10, LTA, TNFRSF1B, and TP53 gene variants and AP susceptibility.
Molecular and Serum Markers
Tumor Necrosis Factor-Alpha
Tumor necrosis factor (TNF)-α is an important inflammatory cytokine that participates in the pathogenesis of AP, directly injuring acinar cells and resulting in necrosis, inflammation, and edema [22] . This cytokine, thought to be the first cytokine released, is the main mediator of immune responses [102] . TNF-α expression in the pancreas is increased by the onset of experimental AP. El-Ashmawy et al. [103] conducted a study with a murine model of L-arginine-induced pancreatitis to study the underlying molecular mechanisms of AP. They verified that the pancreatic TNF-α concentration was markedly elevated following L-arginine administration. This may be attributed to the excessive generation of reactive oxygen species (ROS), which activates the nuclear factor kappa B (NF-κB), with subsequent upregulation of various inflammatory cytokines, particularly interleukin (IL)-1β and TNF-α. Levels of TNF-α receptors, indicators of TNF-α activity, have been found to be increased in patients with severe AP, and TNF-α blockade has been shown to reduce mortality and ameliorate the severity in experimental AP [102] . Despite all the knowledge about this cytokine, the results among different studies, regarding its role in predicting the severity in pancreatitis, are conflicting [104] . Paajanen et al. [105] verified that the serum TNF-α levels showed no significant differences between the patients who developed complications and those who did not. Exley et al. [104] concluded that serum TNF-α at presentation, for a cut-off of 35 ng/L, correlated with a worse prognostic score and a severe outcome in all patients (r = 0.36, p = 0.027; r = 0.33, p < 0.05) and prognostic score, outcome, and mortality in patients with gallstones (r = 0.58, p = 0.005; r = 0.60, p = 0.005, r = 0.50, p = 0.02).
Interleukin-1
IL-1 is well known as an integral early component of the acute inflammatory process [106] . Heresbach et al. [107] , in their study to evaluate the severity of AP, found that levels of IL-1 predict severe AP on admission with a similar accuracy to IL-6 (82% versus 88%, respectively) and that IL-1 receptor antagonist had the best accuracy among different markers, including IL-6 and CRP, within the first 48 h. At 48 to 72 h, IL-1 levels have been found to be predictive of pancreatic necrosis with an accuracy of 88%, and the IL-1:IL-1 receptor antagonist ratio could identify septic complications with an accuracy of 72%. Chen et al. [108] evaluated IL-1β on admission and described an accuracy of 82% for a cut-off of ≥1 pg/mL.
Interleukin-6
IL-6 is the principal stimulus for acute-phase protein synthesis in the liver and constitutes the main mediator in the synthesis of fibrinogen, CRP, and hepcidin. The role of IL-6 in the early and accurate prediction of severity in AP was confirmed by numerous studies [21, 58, 109, 110] . Soyalp et al. [111] found that a raised IL-6 level increased in accordance with the severity of pancreatitis, suggesting that IL-6 could act as a prognostic tool of AP. IL-6 has the best sensitivity and specificity for the early assessment of severe AP among the various proinflammatory and anti-inflammatory cytokines. Jiang et al. [112] found a sensitivity and specificity of 100% and 89.7%, respectively, for a cut-off value of 50 pg/mL. Khanna et al. [58] described, for a similar cut-off, a sensitivity of 93.1% and specificity of 96.8%. IL-6 assay has, however, a major drawback, in that its serum concentration decreases very rapidly, as well as its cost and complexity.
Interleukin-8
Among all the cytokines, IL-8 stands out in the AP pathophysiology as it has been demonstrated to be significantly elevated during the development of AP, and the level was reported to be associated with the severity of AP [113] . Several studies have shown promising results in the early prediction of severe AP [114] . Rau et al. [115] verified the role of IL-8 in monitoring major complications in patients of necrotizing pancreatitis with multiorgan failure. Various studies verified that IL-8 levels are increased in the first 24 h after symptom onset, with a rapid decrease after 3 to 5 days being a good marker of multiorgan failure and death from sepsis in patients with AP [116] .
C-Reactive Protein
CRP is a positive acute-phase reactant synthesized by the liver, induced by cytokines like IL-6, and its level in the blood increases within hours in response to inflammation and infection [117] . It can be used for diagnosis, prognosis, treatment follow-up, and mortality prediction, especially in inflammatory cases [118] . It takes the CRP level nearly 72 h to peak after the onset of symptoms [58, 119] . Mayer et al. [120] performed the first study on the role of CRP in the prediction of the outcome of AP. They concluded that increased levels of CRP may predict the severity of AP. Vasudevan et al. [53] evaluated the early risk assessment of AP by comparing various scores and biochemical markers. Regarding RCP, they found that to predict the severity of AP for a cut-off of ≥82 ng/mL, the odds ratio (OR) was 6.7 (95% CI 1.95-23, p = 0.002), and to predict the infected pancreatic necrosis for a cut-off of ≥98 ng/mL, the OR was 2.0 (95% CI 1.06-3.73, p = 0.03). They also calculated a predictive value of CRP, with an AUC of 0.8218 for severe AP. It is currently accepted that levels of CRP above 150 mg/dL at 48 h after admission help discriminate severe from mild disease [58] , having a sensitivity, specificity, positive predictive value, and negative predictive value of 80%, 75%, 67%, and 86%, respectively, for severe AP [121] . CRP rises steadily in relation to the severity of AP and it is commonly used because it is inexpensive and readily available [117, 122, 123] . Miko et al. [124] evaluated the severity and mortality related with AP by comparing several score systems and biochemical markers, including CRP. They verified that CRP presented an AUC to the severity of AP of 0.73, with a sensibility and specificity of 71% and 87%, respectively. Farkas et al. [125] developed a multicenter study to assess the role of CRP as a tool to include patients in clinical trials, concluding that although admission has a poor association with mortality and severity of BP, it can be used as an inclusion criterion of patients in clinical trials. CRP is the most promising biochemical marker, with many studies showing a correlation of its high levels with pancreatic necrosis development and a severe AP course [126] . However, CRP levels are influenced by liver disease [127] , which may be present in many patients with AP who are obese and/or alcoholics. Despite its high applicability in clinical practice, this inflammatory marker has disadvantages, such as its late peak (48 to 72 h), its nonspeficitity as an inflammatory marker of the pancreas, and its levels are not associated with the infection [128] . Due to their non-specificity, other inflammatory conditions may influence its increase.
Procalcitonin
Procalcitonin (PCT) is a propeptide synthesized by hepatocytes and G-cells of the thyroid gland [58] . It is an acute-phase reactant and several studies have validated its role as an early biochemical marker in infection, sepsis, and multiorgan failure [129] . Severe AP is known to be associated with sepsis, infected pancreatic necrosis, and multiorgan failure, and PCT can be used as an early tool in the prognosis of AP [130, 131] . For a faster result, PCT levels can be measured by a semiquantitative strip test with a cut-off level of 0.5 ng/mL [132] while other studies report a better cut-off of 2 ng/mL [133] . An increased PCT level in patients with AP was found to be indicative of severity, pancreatic necrosis, and organ failure. A systematic review found that the sensitivity and specificity of PCT for the development of severe AP were 72% and 86%, respectively, and that the overall AUC was 0.87, for a cut-off value of 0.5 ng/mL [134] . In their study, Khanna et al. [58] found a 100% sensitivity of PCT for predicting organ failure and mortality, and a sensitivity of 86.4% for predicting severe AP. Hagjer et al. [36] , in their prospective observational study, concluded that PCT was a promising inflammatory marker with prediction rates similar to the BISAP score. Studies showed that PCT is the most sensitive laboratory test for the detection of pancreatic infection, and low levels appear to be strong negative predictors of infected necrosis [128] . The role of this marker as a tool to identify which patients need antibiotics as well as the duration of the treatment is under study [135] . The major disadvantage of PCT assay is its high cost.
Polymorphonuclear Elastase
PMN elastase is one of the serine proteases found in the granules of neutrophils [136] . Granulocyte infiltration and activation, which occurs as a first-line defense following tissue injury, leads to the release of multiple microbicidal products, including reactive oxygen species, cationic peptides, eicosanoids, and proteolytic enzymes [109, 136] . This process also occurs in the early phase of AP [137] . With a cut-off level of 110 µg/L, Dominguez-Muñoz et al. [137] found a sensitivity and specificity of 92% and 91%, respectively, for the detection of severe AP within 48 h of the onset of symptoms. A similar result has been found in several studies [114, 117, 138] .
Tissue Factor
Tissue factor (TF) is a transmembrane glycoprotein involved in the initiation of the coagulation cascade. It is expressed in the vascular adventitia but may also be expressed from leukocytes, endothelial cells, vascular smooth muscle cells, and platelets [139] . Recent studies have shown the efficiency of TF as a marker to assess the severity. Andersson et al. [140] found that TF was superior to CRP for predicting severity. Ou et al. [141] concluded that TF expression and the associated dysfunction of the blood coagulation system are critical factors for the pathogenesis of severe AP. A high serum level early in the course may suggest a role in the pathogenesis of AP and provide a window for therapeutic interventions.
Hepcidin
Hepcidin is a circulating peptide hormone that regulates the entry of iron into plasma. The hepcidin levels increase during inflammation as a result of an increase of IL-6 [142] . Studies have shown that hepcidin is synthesized in the liver, kidney, heart, brain, muscles of the skeleton, and pancreas [143] . Based on this theory, Arabul et al. [144] undertook a single center prospective study to assess its role in predicting the severity in AP. They found that hepcidin is a better predictive marker for severe AP compared to CRP with an AUC of 0.82 versus 0.69, respectively.
Copeptin
Copeptin is a 39 amino acid glycopeptide that is co-synthesized with vasopressin [145] . Its level rises during stress in critically ill patients, making it an independent predictor of survival in this group of patients. Isman et al. [146] verified a significantly high concentration of copeptin on admission in patients with severe AP. They also identified copeptin as a novel prognostic marker to predict local complication, organ failure, and mortality in AP. Nebiker et al. [147] compared copeptin with others markers, including CRP, and concluded that copeptin was associated with disease severity to a similar degree as CRP.
Soluble E-Selectin and Soluble Thrombomodulin
Soluble E-selectin (sES) is an endothelial activation marker, whereas soluble thrombomodulin (sTM) is an endothelial injury marker. During AP, activated neutrophils release elastase, which damages the endothelium. Ida et al. [148] studied these two markers to find their significance in the assessment of severe AP. They concluded that those high levels of soluble ES can be found in all stages of the disease. Soluble ES and TM can be used as a predictive marker of mortality in AP on the first day of admission.
Endothelin I
Elevated levels of endothelin I (ET-1) have been found to be associated with AP, with a strong correlation with disease severity. Milnerowicz et al. [149] measured plasma ET-1 levels, verifying that ET-1 can be used as a marker of both the progression of the disease and monitoring treatment [150] . They also concluded that an increase in levels of ET-1 between the fifth and seventh days of treatment may indicate irreversible ischemia lesions in the pancreas and the development of pancreatic necrosis.
Matrix Metalloproteinase-9
Matrix metalloproteinase (MMP) are a group of enzymes involved in processes, such as inflammation, degradation, and turnover of the extracellular matrix, as well as angiogenesis and tumor growth [151] . The role of MMP-9 has been extensively studied in AP and increased levels of MMP-9 have been found to be of possible prognostic significance [152] . Guo et al. [153] verified a strong association between high levels of MMP-9 and pancreatic necrosis. It can also be used as a marker of disease severity and assessment of the course of the disease [154] .
Albumin
Albumin is a negative acute-phase protein synthesized by the liver and its level in the blood decreases during inflammation. Albumin was shown, in previous studies, to be associated with inflammation severity, disease prognosis, and mortality, due to the relationship between inflammation and malnutrition [155] . A few studies have evaluated hypoalbuminemia as a predictor of severe acute pancreatitis [156, 157] . Hong et al. [158] concluded that hypoalbuminemia within 24 h of hospital admission is independently associated with increased risk of the development of persistent organ failure and death in AP.
Total Calcium
Low serum ionized calcium (Ca 2+ ) levels have been demonstrated as playing an important role in detecting patients with severe AP [159] . Gutiérrez-Jiménez et al. [160] verified a sensitivity, specificity, positive predictive value, and negative predictive value of 67%, 82%, 27%, and 96% at a maximum cut-off of 7.5 mg/dL for total calcium in predicting severe AP. Yu et al. [161] showed that low serum Ca 2+ is an independent risk factor affecting the severity of AP.
Pancreatic Protease Activation Peptides
Trypsinogen activation peptide (TAP) is a cleavage product of trypsinogen, which is released into systemic circulation with zymogen granule activation. Because of its low molecular weight, TAP is rapidly excreted in urine and is easily detected in both urine and serum. Similarly, carboxypeptidase B activation peptide (CAPAP) is a peptide fragment of procarboxypeptidase B, a large cytosolic protein in acinar cells [162] . Wu et al. [163] developed a study to assess the role of trypsinogen-2 in predicting local pancreatic complications. They concluded that urinary trypsinogen-2 level >500 µg/L independently predicted local complications of AP. On the other hand, Yasuda et al. [164] studied the role of urinary trypsinogen-2 and TAP to assess extra-pancreatic complications. They confirmed that the urinary trypsinogen-2 dipstick test was useful as a marker for the diagnosis of AP. The authors also verified that both trypsinogen-2 and TAP may be useful markers to determine extra-pancreatic inflammation in AP. Deng et al. [165] , in their systematic review and meta-analysis, verified that both serum and urinary CAPAP have the potential to act as a stratification marker on admission in predicting the severity of AP.
Red Blood Cell Distribution Width
Red blood distribution width (RDW) is a routine parameter of the complete blood count test, which is easily obtained and inexpensive [166, 167] . It is commonly performed in the assessment of almost all patients at the time of admission. Conventionally, RDW has been used as a tool to explore the etiologies of anemia. During the past decade, RDW has been associated with inflammatory parameters, such as CRP, IL-6, and fibrinogen [167] . It has also been associated disease activity and the prognosis of various diseases, such as malignancies, heart failure, autoimmune diseases, and hepatocellular carcinoma [166] . To date, multiple studies have examined the usefulness of RDW in determining the prognosis of AP at the time of admission, but the results have not been consistent [166] . Zhou et al. [168] studied the predicting value of several markers, including RDW. They concluded that RDW is a convenient and reliable indicator for the prediction of not only severe AP but also mortality.
Blood Urea Nitrogen
Several prognostic scoring systems, including the Ranson score, incorporate blood urea nitrogen for predicting the severity and mortality of AP [43, 169] . This marker provides information on changes in intravascular volume status. Therefore, it could be used in monitoring early responses to initial fluid resuscitation [170] . Wu et al. verified , in a large prospective multicentric study, that blood urea nitrogen (BUN) was an accurate predictor of mortality for a cut-off of BUN ≥20 md/dL on admission, where the associated OR was 4.6 for mortality [56] . They also concluded that a rise in the levels of BUN within the first two days has been correlated with increased mortality.
Hematocrit
Hemoconcentration may be a marker that translates pancreatic microcirculation insufficiency responsible for the development of necrosis [171] . Hemoconcentration on admission, as defined by initial hematocrit, has been described as a useful tool of prognosis of AP. Early hemoconcentration has been shown to be associated with an increased risk of both necrosis and severe AP [172] . Elevated levels of hematocrit on admission (hematocrit >44%) have been associated with the development of pancreatic necrosis, organ failure, as well as prolonged hospitalization and need for intensive care [173] [174] [175] .
Creatinine
Renal involvement has frequently been reported in the course of AP [176] . Muddana et al. [177] , in their study for a cut-off of creatinine >1.8 mg/dL within 48 h after hospital admission, showed an OR of 34.5 (CI 95% 7.3 to 169) for the development of pancreatic necrosis when compared with admission hematocrit and BUN levels. They concluded that an increase in creatinine concentration within 48 h of admission is strongly associated with the development of pancreatic necrosis.
Proteinuria
Increased renal permeability is verified after burn injury, trauma, ischemia, and surgery conditioning low proteinuria [178] . The degree of proteinuria correlates with severity and outcome in a variety of pathologies [178, 179] . This marker can be detected by a urine dipstick that allows for easy and inexpensive results. Shearmen et al. evaluated the levels of urine excretion of albumin and IgG in patients with AP. They verified that during the first 36 h, levels were significantly higher in patients with severe AP, concluding that low proteinuria may be reflected the severity of inflammation in AP. However, Zuidema et al. [179] , in their study that compared the relation between proteinuria and severity of AP, infection complications, need for invasive approach, intensive care stay, and in-hospital mortality, concluded that proteinuria was inferior to the CRP. Despite the differences verified between the two studies, future research with a larger sample population may contribute to an evaluation of the role of proteinuria as a prognostic marker of pancreatitis.
Angiopoietin 2
Angiopoietins are a novel class of angiogenic growth factors that act selectively on endothelial cells [180] . Angiopoietin-1 and angiopoietin-2 are modulators of vascular permeability. Angiopoietin-2 has been recently evaluated as a marker of persistent organ failure in patients with severe AP, since it is an endothelium-specific growth factor regulated by proinflammatory stimuli. This results in destabilization of the vascular endothelium and an increase of vascular leakage [180] . Whitcomb et al. [181] , in a multicenter prospective study, assessed the role of angiopoietin-2 as an early marker of persistent organ failure in patients of severe AP. They found that angiopoietin-2 levels on the day of admission were significantly higher in patients with persistent organ failure, with a sensitivity, specificity, and area under the curve of 90%, 67%, and 0.81, respectively.
Oleic Acid Chlorohydrin
From studies of the pathophysiology of AP in murine models, it was found that infiltration and activation of pancreatic polymorphonuclear neutrophils and in the surrounding areas of adipose tissue results in the generation of hypochlorous acid and fatty acid chlorohydrins (FA-CI), with oleic acid chlorohydrin (OAC) being the most abundant. Franco-Pons et al. [182] evaluated the generation of halogenated fatty acids in the areas of fat necrosis in rats and they concluded that during AP, adipose tissue release FA-CI, which exacerbated the SIRS. Based on these results, de-Madaria et al. [183] evaluated the role of OAC in a prospective and multicenter cohort study as marker of the severity of AP. They concluded that OAC is generated during AP, its levels can be measured in plasma, and these correlate with AP severity.
D-Dimer
The activation of the coagulation cascade has been known to occur during the early phase of AP, and AP induces the formation of venous thrombosis [184] . Thrombosis is a vascular event associated with AP complications that cause morbidity and mortality [185] . D-dimer can be used as a potential severity marker in AP. Significantly different levels of D-dimer have been identified in patients with mild or severe AP. Radenkovic et al. [186] verified D-dimer as a novel marker for predicting organ failure, with a sensitivity of 90% and NPV of 96% for a cut-off level of 414.00 microg/L. Several studies show that D-dimer is an easy, useful, and inexpensive early prognostic marker of severe AP [186, 187] .
Histones
Histones have been examined in experimental AP murine models, and most have shown a correlation between circulating levels and AP severity [188, 189] . Histones are essential for DNA packaging and genetic regulation. In cases of severe sepsis, such as severe AP, circulating histones are detectable in the blood [190] . Kang et al. [191] suggested that circulating histones behave as damage-associated molecular pattern molecules that cause inflammation and contribute to SIRS and death. Histones stimulate cytokine release. Ou et al. [188] in AP murine models found that circulating histones increased significantly in acute necrotizing pancreatitis due to extensive pancreatic acinar cell death. Liu et al. [189] studied a total of 236 consecutive patients with AP and concluded that assessing circulating histones in plasma within 48 h of symptom onset can predict persistent organ failure and mortality. Although these two studies are encouraging for the use of circulating histones in predicting AP severity, Biberci Keskin et al. [192] concluded, in a small patient sample, that serum histone levels did not significantly differ between the severe and mild AP groups.
Inter-Cellular Adhesion Molecule 1
Inter-cellular adhesion molecule 1 (ICAM-1) can play an important role in many biological processes, such as inflammation, by the adhesion of cell-to-cell or cell-to-extracellular matrix [193] . Zhu et al. [194] , in their prospective study population of 86 consecutive patients with AP, they verified that for a cut-off of 25 ng/mL ICAM-1 was a good marker for distinguishing mild from severe AP, with a sensitivity and specificity of 61.1% and 71.4%, respectively. They also concluded that the ICAM-1 test was a simple, rapid, and reliable method in clinical practice.
Proteomic Profiling
Proteomics or protein pattern analysis is the characterization and quantitation of proteins in tissue and body fluids constituting a novel and rapidly expanding field used to compare protein expression patterns between disease states [195, 196] . Fétaud et al. [197] concluded that proteomic analysis is a very interesting tool to identify changes characterizing pancreatic tissue damage and new potential biomarkers of AP severity. This method may increase our knowledge of the molecular mechanisms underlying AP and thus enhance new diagnostic and prognostic biomarkers [198, 199] . The serum proteomic profile has features that can differentiate mild from severe AP. Papachristou et al. [196] verified 18 different signal intensity clusters out of 72 spectral clusters. Classification and regression tree (CART) analysis showed a primary splitter at 11,720 Da. After analysis, it was found to have a sensitivity of 100% and specificity of 81% in discriminating mild from severe acute pancreatitis. Proteomic profiling has also been used to differentiate disease states from non-disease states. In this respect, it could be used to assess disease severity and predict the clinical course of AP. A recent study assessed the use of proteomic profiling in discriminating severe from mild AP early in the course of the disease. The initial analysis of admission serum from 28 AP patients (7 severe and 21 mild) provided specific distinctive proteomic patterns, including peak clusters of interest relating to serum amyloid A.
Metabolomic Profiling
Metabolomics is a systematic approach for the analysis of biological samples. It can provide detailed information of the metabolic changes taking place in an organism. Metabolite profiling by using nuclear magnetic resonance spectroscopy and mass spectrometry has been widely applied for analyzing physiological and/or pathological conditions, such as AP. In the presence of pancreatic inflammation, metabolic abnormalities appear before both the transformation of tissue structure and changes in function [200] . The identification of these metabolic changes may promote an understanding of the pathophysiological events in AP. Ma et al. [200] verified a correlation between glucose, lactate, betaine, choline, glycerophosphocholine/phosphocoline, leucine/iso-leucine/valine, and several lipids with acute necrotizing pancreatitis. Xiao et al. [201] showed that 3-hydroxybutyric acid and citric acid were potential biomarkers of the prognosis of AP, allowing for the distinction of mild from severe AP.
Clinical Relevance and Future Directions
Several multifactorial scoring systems and biochemical markers have been evaluated during the last decades.
Numerous biochemical markers have been studied as potential early predictors of the severity of AP so that the therapeutic approach can be optimally adapted to prevent both local and systemic complications. In Tables 1 and 2, the multifactorial scoring systems and biochemical markers are summarized, which are more studied and representative in the prognosis of AP. 7 5.945 mg/dL 24 h 0.677 [168] At this moment, no laboratory test has consistent accuracy for the prediction of AP severity [25] . The majority of physicians and guidelines consider the CRP at 48 h after symptom onset as the gold standard for disease severity assessment.
The clinical presentation of AP is very variable. Banks et al. [6] classified AP as mild (uneventful clinical course), moderately severe (local complication or transient organ failure), and severe, characterized by the persistence of multiorgan failure. Patients with severe AP are at an increased risk of developing infected necrosis that is associated with very high morbidity and mortality. The actual management of AP is based on parenteral intravenous fluid therapy, pain control, and adequate nutrition. In cases of infected necrotizing pancreatitis, an endoscopic or surgical step-up approach is evaluated according to the local complication present [202] . Due to its complexity, AP management requires a multidisciplinary approach, such as a surgeon, a gastroenterologist, and a radiologist.
The evolution of new techniques, namely the recognition of both genetic, transcriptomic, proteomic, and metabolomic profiles and functional images, allows for the identification of specific patterns of various pathological processes. These specific patterns can also be used in AP for the selection and validation of new biochemical markers of severity.
Conclusions
Despite intense research on the pathophysiology of AP, overall disease mortality has not significantly improved. Several studies have shown that early aggressive management reduces morbidity and mortality. In this sense, early diagnosis and timely assessment of the severity are essential. However, an ideal multifactorial scoring system and/or biochemical marker for early assessment of the severity of AP has yet to be defined.
Based on the analysis of available data and evidence, the authors suggest the use of the BISAP score as a multifactorial scoring system and the CRP at 48 h of presentation as the biochemical marker due to their availability, simplicity, and capability to predict AP severity.
It is critical to design and conduct large population-based multicenter studies to identify parameters that allow for the definition of multifactorial scores or biomarkers to predict AP severity and monitor disease progression that can be used routinely. 
